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REFERENCE "SWITCH HYSTERESIS FOR COMPARATOR APPLICATIONS 

Field of the Invention 

The present invention relates to a method and/or 
architecture for hysteresis in a comparator generally and, more 
particularly, to a method and/or architecture for a reference- 
switch hysteresis for comparator applications. 

Background of the Invention 

Conventional approaches for comparator designs implement 
hysteresis utilizing a form of positive feedback. Traditionally, 
hysteresis that is incorporated into a design using positive 
feedback does not provide accurately or efficiently controlled 
hysteresis. Hysteresis is the measure for a comparator for which 
an input threshold changes as a function of the input (or output) 
level. More specifically, when the input passes the input 
threshold, the output changes state and the input threshold is 
subsequently reduced so that the input must return beyond the 
initial input threshold before the output of the comparator changes 
state again. 
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Such conventional implementations are dependent on 
temperature and process variations resulting in an uncontrolled 
amount of hysteresis. An example of one conventional approach can 
be found in U.S. Patent 4,072,870 entitled ''Comparison circuit 
having programmable hysteresis", which is hereby incorporated by 
reference in its entirety. The conventional approach of U.S. 
Patent 4,072,870 implements a steering current through a resistor 
to produce symmetrical hysteresis. However, the conventional 
approach does not present accurate or efficiently controlled 
hysteresis . 

Summary of the Invention 

The present invention concerns an apparatus comprising a 
first circuit and a second circuit. The first circuit may be 
configured to generate a reference output voltage in response to a 
plurality of reference voltages. The second circuit may be 
configured to generate an output voltage in response to the 
reference output voltage and an unknown voltage. The output 
voltage may comprise accurately controlled hysteresis. 

The objects, features and advantages of the present 
invention include providing a method and/or architecture for 
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implementing reference-switch hysteresis in comparator applications 
that may (i) implement different voltage reference levels to 
produce an effective amount of hysteresis, (ii) provide an accurate 
and constant amount of hysteresis, (iii) provide bandgap controlled 
reference voltages levels, (iv) provide immunity against 
temperature, supply and process corner variations and/or (v) 
provide controlled and accurate reference voltage levels, resulting 
in a controlled and accurate amount of hysteresis. 

Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be apparent from the following detailed 
description and the appended claims and drawings in which: 

FIG. 1 is a block diagram of a preferred embodiment of 
the present invention; 

FIG. 2 is a detailed block diagram of the present 

invention; 

FIG. 3 is a detailed block diagram of an alternate 
embodiment of the present invention; 

FIG. 4 is a detailed block diagram of an alternate 
embodiment of the present invention; 
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FIG. 5 is a detailed block diagram of an alternate 
ernbodiment of the present invention; 

FIG. 6 is a detailed block diagram of an alternate 
embodiment of the present invention; and 
5 FIG. 7 is a detailed block diagram of an alternate 

embodiment of the present invention. 



y Detailed Description of the Preferred Embodiments 

S Referring to FIG. 1, a block diagram of a circuit 100 is 

kt) shown in accordance with a preferred embodiment of the present 
invention. The circuit 100 may be implemented to provide reference 
^ switched hysteresis (e.g., on chip bias voltage switched 
fjl hysteresis), for example, in comparator applications. The circuit 
O 10 0 may provide immunity against temperature, supply and process 

15 corner variations. Additionally, the circuit 100 may provide 
controlled and accurate reference voltage levels (e.g., on chip 
bias voltages) , resulting in a controlled and accurate amount of 
hysteresis. The structure of the circuit 100 generally comprises 
a voltage generator block (or circuit) 102 and a comparator block 
20 (or circuit) 104. 



4 
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The voltage generator circuit 102 may have an output 106 
that may present a signal (e.g., VREF) and an input 110 that may 
receive the signal (e.g., OUT) . The signal VREF may be implemented 
as a reference voltage, a voltage level, a voltage on a node or 
other appropriate signal in order to meet the criteria of a 
particular implementation. The comparator circuit 104 may have an 
input 10 8 that may receive the signal VREF, an input 112 that may 
receive a signal (e.g., VX) and an output 114 that may present the 
signal OUT, In one example, the signal VREF may provide a bandgap 
controlled reference voltage to the comparator 104. The bandgap 
controlled reference voltage may be implemented to control 
hysteresis of the comparator 104. The signal VX may be implemented 
as a voltage level, a voltage on a node or other appropriate signal 
in order to meet the criteria of a particular implementation. 
However, a particular voltage level of the signal VX may be 
unknown. For example, the signal VX may be received from another 
circuit (e.g., VX may be the input to a low-battery detect 
circuit) . 

The circuit 100 may provide accurate hysteresis control 
external to the comparator 104 (e.g., the voltage generator circuit 
102) . The circuit 100 may allow the comparator 104 to have a 
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minimal amount of hysteresis to provide a robust design. However, 
the amount of hysteresis of the comparator 104 may be required to 
be smaller than an overall hysteresis of the circuit 100, in order 
to ensure accurately controlled hysteresis. The voltage generator 
5 102 may present the signal VREF by switching between a number of 
internal voltages. The voltage generator 102 may generate the 
signal VREF to provide the required hysteresis (to be described in 
y more detail in connection with FIG. 2) . The circuit 100 may 

0 provide accurate control over a variety of hysteresis levels (via 
kl) the signal OUT) . Alternatively, the signal OUT may be presented to 

a digital filter (not shown) for further processing. The digital 
Si filter may be optionally implemented to meet the design criteria of 

01 a particular implementation. 

□ Referring to FIG. 2, a more detailed diagram of the 

15 circuit 100 is shown. The voltage generator 102 generally 
comprises a circuit (or block) 120, a circuit (or block) 122 and a 
circuit (or block) 124. The circuit 12 0 may be implemented as a 
bandgap reference circuit. The circuit 122 may be implemented as 
a voltage reference generator circuit. The circuit 124 may be 
20 implemented as a reference switch circuit. The circuit 120 
generally presents a signal (e.g., SUM) to the circuit 122. The 
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circuit 12 0 generally comprises a positive temperature coefficient 
circuit (or block) 128, a summing circuit (or block) 130 and a 
negative temperature coefficient circuit (or block) 132. 

The positive temperature coefficient circuit 128 may 
generate a signal (e.g., KVT) . The signal KVT may be presented to 
the summing circuit 130. The negative temperature coefficient 
circuit 132 may present a signal (e.g., VBE) to the summing circuit 
130. In one example, the signal VBE may be implemented as a 
negative temperature coefficient voltage. Additionally, the signal 
VBE may be generated by a diode connected bipolar device. The 
negative temperature coefficient circuit 132 generally comprises a 
current source 134 and a diode 13 6 . However, other appropriate 
circuits may be implemented accordingly to meet the design criteria 
of a particular implementation. The current source 134 may be 
coupled to a first side of the diode 13 6. A second side of the 
diode 136 may be coupled to ground. Additionally, the current 
source 134 and the diode 136 may be configured to generate the 
signal VBE. 

The summing circuit 13 0 generally sums the signal VBE and 
the signal KVT. The summing circuit 130 may generate the signal 
SUM. The signal SUM may be implemented as a summation signal. In 
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one example, the signal SUM may be implemented as a control 
voltage. In another example, the signal SUM may be implemented as 
a control current. However, the signal SUM may be implemented as 
another appropriate signal in order to meet the criteria of a 
5 particular implementation. 

The circuit 122 generally comprises a current source (or 
generator) II, a current source (or generator) 12, a resistor Rl 
% and a resistor R2 . The circuit 100 (of FIG. 2) illustrates two 

\i J; 

Q reference current sources (e.g., II and 12). However, another 
III) number of current sources may be implemented in order to meet the 

design criteria of a particular application, 
gi In one example, the current sources II and 12 may be 

p| implemented as voltage controlled current sources (VCCS) . In 
G another example, the current sources II and 12 may be implemented 
15 as current controlled sources (CCCS) . However, the current sources 

II and 12 may be implemented as other appropriate current sources 

in order to meet the criteria of a particular implementation. 

Each of the current sources II and 12 may be coupled to 

a first side of the resistors Rl and R2 , respectively. A second 
2 0 side of the resistors Rl and R2 may be coupled to ground. The 

current sources II and 12 generally receive the signal SUM. The 
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signal SUM may control the current sources II and 12. The current 
source II generally presents a signal (e.g., VREFl) and the current 
source 12 generally presents a signal (e.g., VREF2) . The signals 
VREFl and VREF2 may be implemented as a reference voltage, a 
voltage level, a voltage on a node, or other appropriate signals in 
order to meet the criteria of a particular implementation. The 
current source II and the resistor Rl may control the voltage level 
of the signal VREFl in response to the signal SUM. The current 
source 12 and the resistor R2 may control the voltage level of the 
signal VREF2 in response to the signal SUM, The signals VREFl and 
VREF2 are generally presented to the reference switch circuit 124. 

The reference switch circuit 124 generally presents the 
signal VREF to the comparator circuit 104. Additionally, the 
reference switch circuit 124 may receive the signal OUT. In one 
example, the signal OUT may be implemented as a feedback signal. 
The signal OUT may control switching of the reference switch 124. 
Additionally, the signal OUT may control the voltage level of the 
signal VREF. The reference switch circuit 124 generally comprises 
a switch SI and a switch S2 . The signal VREFl may be presented to 
a first side of the switch SI. A second side of the switch SI may 
be connected to the output 106 (e.g., the node VREF). The signal 
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VREF2 may be presented to a first side of the switch S2 . A second 
side of the switch 32 may be connected to the output 106 (e.g., the 
node VREF) . The switch SI and the switch S2 may be controlled by 
the signal OUT. The switches SI and S2 may control the voltage 
level of the signal VREF. 

The bandgap reference circuit 12 0 generally controls the 
current sources II and 12 via the signal SUM. The current 
generator II and the resistor Rl may control the reference voltage 
level VREFl, where VREFl is generally equal to I1*R1. The current 
source 12 and the resistor R2 may control the reference voltage 
level VREF2, where VREF2 is generally equal to I2*R2. The 
resistors Rl and R2 may have the same characteristics (e.g., 
resistance) as resistors (not shown) within the bandgap reference 
circuit 120. The bandgap reference circuit 120 may control the 
voltage reference levels VREFl and VREF2 . The voltage reference 
levels VREFl and VREF2 may be accurately controlled (e.g., process 
corners, supply and temperature independent) via the bandgap 
reference circuit 120. 

The signal VREF is generally switched to be equal to 
either the signal VREFl or the signal VREF2 . The signal VREF may 
be switched in response to the feedback signal OUT. The reference 

10 
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switch circuit 124 may be implemented to provide an appropriate 
voltage level of the signal VREF. Switching of the signal VREF may 
provide a controlled amount of hysteresis. The signal VREF is 
generally presented to the input 108 of the comparator block 104. 
5 Additionally, the signal VX is generally presented to the input 112 
of the comparator block 104. The comparator block 104 generally 
comprises a comparator 132. A positive input of the comparator 132 
O may receive the signal VREF and a negative input of comparator 132 
may receive the signal VX. The comparator 132 may compare the 
lib signal VREF and the signal VX. Additionally, the comparator 132 
H may generate the signal OUT. The comparator 132 may generate the 
Jrf signal OUT in response to a voltage level of the signal VREF and a 
l^i voltage level of the signal VX. 

□ Additionally, the circuit 100 may optionally comprise a 

15 circuit 140. The circuit 140 may be implemented as a capacitance 
block (or circuit) . The circuit 140 may be optionally implemented 
to control a voltage level of the signal VREF. The circuit 140 
generally comprises a capacitor CI. A first side of the capacitor 
CI may be coupled to the node VREF. A second side of the capacitor 
2 0 CI may be coupled to ground. A capacitance of the capacitor CI may 
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be varied in order to meet the criteria of a particular 
implementation. 

Referring to FIG. 3, an alternate embodiment of the 
present invention is shown marked with primed notation. The 
circuit 100' may be similar to the circuit 100. The circuit 100' 
illustrates a scheme to generate two or more references from a 
bandgap voltage reference. 

Referring to FIG. 4, an alternate embodiment of the 
present invention is shown marked with double primed notation. The 
circuit 100'' may be similar to the circuit 100. The circuit 100'' 
may illustrate an implementation where the voltages VREFl and VREF2 
are directly generated by the bandgap circuit 110' ' . The circuit 
100'' illustrates an example that uses a bandgap in which the 
bandgap voltage is already across a resistor divider and so 
multiple VREFs are available. No additional operational amplifier 
is required. 

Referring to FIG. 5, an alternate embodiment of the 
present invention is shown marked with triple primed notation. The 
circuit 100''' may be similar to the circuit 100. The circuit 
100''' may be useful to distribute VREFs via currents to avoid 
grounding problems. 

12 
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Referring to FIG. 6, an alternate embodiment of the 
present invention is shown marked with quadruple primed notation. 
The circuit 100'''' may be similar to the circuit 100, The circuit 
100' ' ' ' may implement the bandgap voltage that does not have a high 
gain. The circuit 100'''' may be usable for low levels of VREFl 
and VREF2 . 

Referring to FIG. 1 , an alternate embodiment of the 
present invention is shown marked with five primed notations. The 
circuit 100''''' may be similar to the circuit 100. The circuit 
100''''' may implement positive (+ve) TC and negative (-ve) TC 
currents that are summed. The choice of the resistance R makes 
VREF (K2/R2) * (VGO) . 

The circuit 100 may provide accurately controlled 
hysteresis, external to a comparator (e.g., via the voltage 
generator 102) . The circuit 100 may implement a number of 
reference voltages (e.g., VREFl and VREF2) to provide the 
accurately controlled hysteresis. When switched appropriately by 
the switches SI and S2 , the circuit 100 may provide a controlled 
amount of hysteresis via switching of the signal VREF. 

The bandgap reference circuit 12 0 may be implemented to 
provide temperature, supply and process independent signals (e.g., 

13 
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VREFl and VREF2) . However, the voltage reference levels VREFl and 
VREF2 may only be as accurate as the bandgap reference circuit 120, 
The bandgap reference circuit 120 may allow the circuit 100 to 
provide voltage levels that may be stable over temperature, supply 
5 process corners. However, other sources of reference may also be 
implemented to meet the design criteria of a particular 
implementation. For example, a Zener reference may be implemented 
O with a buffer and a resistor divider. 

'"i: The circuit 100 may implement bandgap -control led voltage 

lip reference levels (e.g., VREFl and VREF2) to produce an effective 
amount of hysteresis (on the signal OUT) . The hysteresis on the 

y signal OUT may be equal to the difference between the reference 

ft I 

levels VREFl and VREF2 . The circuit 100 may be implemented where 
Q an accurate and dependable amount of hysteresis is required. The 

15 circuit 10 0 may provide voltage reference levels that may be 
bandgap controlled, offering immunity against temperature, supply 
and process corner variations. The bandgap generated voltage 
reference levels may be used to provide stable references over 
temperature, supply and process corners. Since the reference 
20 levels may be accurately controlled, the circuit 100 may provide a 
controlled and accurate amount of hysteresis. The circuit 100 may 

14 
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be implemented where the control of hysteresis levels is of primary 
importance . 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 
and scope of the invention. 



15 
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CLAIMS 

1. An apparatus comprising: 

a first circuit configured to generate a reference output 
voltage in response to a plurality of reference voltages; and 

a second circuit configured to generate an output voltage 
in response to said reference output voltage and an unknown 
voltage, wherein said output voltage comprises accurately 
controlled hysteresis. 

2. The apparatus according to claim 1, wherein said 
first circuit comprises a voltage generator circuit and said second 
circuit comprises a comparator. 

3. The apparatus according to claim 1, wherein first 
circuit is configured to switch between said plurality of reference 
voltages . 

4. The apparatus according to claim 3, wherein said 
first circuit is further configured in response to a feedback 
signal . 
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5. The apparatus according to claim 4, wherein said 
feedback signal comprises said output voltage. 



6. The apparatus according to claim 1, wherein said 
first circuit is further configured in response to voltage, process 
and temperature variations. 



7. The apparatus according to claim 1, wherein said 
first circuit comprises: 

a bandgap reference circuit; 

a voltage reference circuit configured to generate said 
plurality of reference voltages; and 

a reference switch circuit configured to switch between 
said plurality of reference voltages to generate said output 
voltage . 



8. The apparatus according to claim 7, wherein said 
bandgap reference circuit comprises: 

a process/compensation circuit; 
a reference circuit; and 
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a summation circuit configured to control said voltage 
reference circuit in response to signals from said process 
compensation circuit and said reference circuit. 

9. The apparatus according to claim 7, wherein said 
voltage reference circuit comprises: 

a plurality of current sources configured to generate 
said plurality of reference voltages; and 

a plurality of resistors each coupled to at least one of 
said plurality of current sources, 

10. The apparatus according to claim 7, wherein said 
reference switch circuit comprises: 

a plurality of switches each (i) configured to receive at 
least one of said plurality of reference voltages and (ii) coupled 
to said reference output voltage. 

11. The apparatus according to claim 10, wherein said 
plurality of switches are configured in response to said output 
voltage . 
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12. The apparatus according to claim 1, wherein said 
plurality of reference voltages comprise bandgap controlled 
voltages . 



13. An apparatus comprising: 

means for generating a reference output voltage in 
response to a plurality of reference voltages; and 

means for generating an output voltage in response to 
said reference output voltage and an unknown voltage, wherein said 
output voltage comprises accurately controlled hysteresis. 



14. A method for providing accurate and controlled 
hysteresis comprising the steps of: 

(A) selecting a reference output voltage from a 
plurality of reference voltages; and 

(B) generating an output voltage in response to said 
reference output voltage and an unknown voltage, wherein said 
output voltage comprises accurately controlled hysteresis. 
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15. The method according to claim 14, wherein step (A) 
further comprises: 

switching between said plurality of reference voltages, 

16. The method according to claim 14, wherein step (A) 
further comprises: 

controlling a voltage level of said plurality of 
reference voltages, 

17. The method according to claim 14, wherein step (A) 
is further responsive to a feedback signal. 

18. The method according to claim 17, wherein said 
feedback signal comprises said output voltage. 

19. The method according to claim 14, wherein step (B) 
is further responsive to voltage and temperature variations, 

20. The method according to claim 14, wherein step (A) 
further comprises the sub-steps of: 
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(A-1) summing a positive temperature coefficient and 

a negative temperature coefficient; and 
5 (A-2) controlling a voltage level of said plurality 

of reference voltages. 
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ABSTRACT OF THE DISCLOSURE 

The present invention concerns an apparatus comprising a 
first circuit and a second circuit. The first circuit may be 
configured to generate a reference output voltage in response to a 
plurality of reference voltages. The second circuit may be 
configured to generate an output voltage in response to the 
reference output voltage and an unknown voltage. The output 
voltage may comprise accurately controlled hysteresis. 
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